Using photoelectron spectroscopy, we interrogate the cyclic furanide anion (C 4 H 3 O − ) to determine the electron affinity and vibrational structure of the neutral furanyl radical and the term energy of its first excited electronic state. We present the 364-nm photoelectron spectrum of the furanide anion and measure the electron affinity of theX 2 A ground state of the α-furanyl radical to be 1.853(4) eV. A Franck-Condon analysis of the well-resolved spectrum allows determination of the harmonic frequencies of three of the most active vibrational modes uponX 2 A ←X 1 A photodetachment: 855(25), 1064(25), and 1307(40) cm −1 . These modes are ring deformation vibrations, consistent with the intuitive picture of furanide anion photodetachment, where the excess electron is strongly localized on the α-carbon atom. In addition, theÃ 2 A excited state of the α-furanyl radical is observed 0.68(7) eV higher in energy than theX 2 A ground state. Through a thermochemical cycle involving the known gas-phase acidity of furan, the electron affinity of the furanyl radical yields the first experimental determination of the C-H α bond dissociation energy of furan (DH 298 (C 4 H 3 O-H α )): 119.8(2) kcal mol −1 .
I. INTRODUCTION
Furan, C 4 H 4 O, has attracted considerable attention due to its key role in combustion chemistry as well as to some intriguing aspects of its thermochemistry-namely, to its unusually high calculated C-H bond strength. [1] [2] [3] Furan is one of the primary structural units of coal; 4, 5 consequently, knowledge of its reactivity has the potential to improve current technology of coal combustion. 6 Furan is also an important intermediate in the pyrolysis of biomass, [7] [8] [9] [10] where it is generally thought to originate in the breakdown of polysaccharides that make up cell walls. [11] [12] [13] Conversion of biomass (and, more specifically, its major components-lignin, cellulose, and hemicellulose 14 ) into ethanol or other fuels has recently stimulated strong interest as a potential alternative to petroleum-based energy production. [15] [16] [17] However, at present, thermal biomass processing is not commercially viable because it is inefficient and plagued by undesired reaction products, 18 such as polycyclic aromatic hydrocarbons (PAHs). [19] [20] [21] [22] Furan chemistry is central to biomass decomposition; thus, understanding its bond-specific reactivity has far-reaching implications for commercial fuel production, the environment, and the energy economy.
Because of its importance in combustion chemistry and biomass pyrolysis, the thermochemistry of furan has been the subject of several experimental and theoretical investigations. Initial studies focused on thermal decomposition of furan in shock tubes, [23] [24] [25] flow reactors, 26, 27 and via laser pyrolysis. 28 These experiments established that the two primary product a) Present address: Combustion Research Facility, P.O. Box 969, Mail Stop 9055, Sandia National Laboratories, Livermore, California 94551, USA. b) Author to whom correspondence should be addressed. Electronic mail:
wcl@jila.colorado.edu. channels of unimolecular furan decomposition are (1) CO + CH 3 C≡CH and (2) CH 2 =C=O + HC≡CH. [23] [24] [25] [26] [27] [28] More recently, Vasiliou et al. used photoionization mass spectrometry and matrix IR spectroscopy to examine the thermal decomposition products of furan. 29 In addition to the products mentioned above, they detected propargyl radicals (CH 2 CCH). Benzene, which is known to form from propargyl radicals, 30 and other aromatic species were also observed in the study, 29 demonstrating the role of furan in the chemistry of PAH formation.
Although the primary decomposition products of furan have been characterized, the mechanisms of their formation are not yet fully known. Several computational studies have been aimed at determining the relative energies of chemical bonds in furan to better understand the mechanistic details of furan decomposition. 1, 2, 31 One possible pathway begins with the loss of a hydrogen atom bonded to the alpha-carbon in the furan ring; i.e., the cleavage of the C-H α bond. Yet, the first comprehensive theoretical investigation of the unimolecular decomposition channels of furan 31 concluded that cleavage of the C-H α bond requires too much energy and therefore cannot be the initial step in any of the major decomposition pathways. Since then, multiple high-level calculations [CBS-QB3, 2 CBS-APNO, 2 G3, 2, 3 B3LYP, 3 and CASPT2 (Ref. 1) ] agree that the C-H α bond is prohibitively strong, ∼121 kcal mol −1 . However, this is an unusually high C-H bond dissociation energy (BDE), which makes its experimental verification a particularly valuable contribution. Because there has been no experimental determination of the C-H α BDE of furan (DH 298 (C 4 H 3 O-H α )) until now, current decomposition models are based on the calculated C-H α BDE and assume that pathways involving cleavage of the C-H α bond or H abstraction are unimportant.
The C-H α BDE of furan can be determined through the well-established methodology of a thermochemical cycle 32 involving the electron affinity (EA) of the α-furanyl radical (α-C 4 H 3 O), the gas-phase acidity of furan, and the ionization energy of hydrogen. The latter quantity is well-known. 33 Likewise, in 1988, DePuy et al. investigated the gas-phase acidities of the two distinct hydrogen atoms in furan. 34 As in our experiment, they prepared furanide in a flowing afterglow apparatus by deprotonation of furan with OH − , and they reported H + loss from both the α-and β-positions. They showed that the α-position was the more acidic of the two, but the exact acidity of the β-position was not determined. Calculations and our own observations confirm the higher relative acidity of the α-site, since under our experimental conditions we only observe photodetachment from the α-furanide species. A more precise measurement of the gas-phase acidity of furan was subsequently made by Grabowski and Owusu. 35 In the present work we determine the remaining thermodynamic quantity necessary to obtain the C-H α BDE of furan: the EA of the α-furanyl radical.
We report a photoelectron spectroscopy study of the furanide anion, which provides several new spectroscopic constants and allows the first direct measurement of the C-H α BDE of furan. We collect the 364-nm negative ion photoelectron spectrum of C 4 H 3 O − . From the spectrum, we make the first experimental determination of the EA and of several vibrational frequencies of α-C 4 H 3 O. We observe both theX 2 A σ -radical ground state andÃ 2 A π -radical excited state of α-C 4 H 3 O and determine the term energy (T e ) of the excited state.
II. EXPERIMENTAL METHODS
The negative ion photoelectron spectrometer used in this experiment has been described in detail elsewhere. [36] [37] [38] The apparatus consists of four main sections: an ion source, a mass filter, an interaction region with crossed laser and ion beams, and an electrostatic electron kinetic energy analyzer. Negative ions are formed in a flowing afterglow ion source. A microwave discharge containing trace amounts of O 2 gas in He buffer gas (∼0. 34 we deprotonate predominantly at the α-position under our experimental conditions to produce the α-furanide anion. We confirm the absence of β-furanide using experimental observations in conjunction with theoretical simulations (see Sec. IV A 3). We do not generate C 4 H 2 O − ; the m/z 66 peak is absent from our mass spectrum, and it has been shown that C 4 H 2 O − is not produced efficiently in the reaction of O − with furan. 39 Collisions with He buffer gas cool the ions to ∼300 K. The flow tube can be further cooled with a liquid nitrogen jacket to obtain a "cold spectrum" of ions with temperatures near 150 K. Anions are extracted into a differentially pumped region and are accelerated to 735 eV before entering a Wien velocity filter with a mass resolution of m/ m ∼ 60. The mass-selected ion beam (typically 200 pA) is decelerated to 35 eV and focused into the laser interaction region. Here, the 1 W output from a single-mode continuouswave argon ion laser operating at 364 nm (3.40814 eV) is built up to ∼100 W of circulating power in an optical buildup cavity located within the vacuum system. Photoelectrons ejected in the direction orthogonal to both the laser and ion beams enter a hemispherical energy analyzer. The photoelectron signal is recorded as a function of electron kinetic energy with a position-sensitive detector. The energy analyzer has a resolution of ∼11 meV under the conditions used for the present experiments.
The electron kinetic energy (eKE) can be converted to electron binding energy (eBE) through the relationship eBE = hν − eKE. The absolute kinetic energy scale is calibrated 36, 40 before and after each experiment using the wellknown EA of atomic oxygen. 41 Additionally, the energy scale is corrected for a slight linear compression (<1%) (Ref. 36) using the photoelectron spectrum of O 2 − , which provides a number of known transitions spanning the photoelectron energy range. 42, 43 After making these corrections and accounting for the resolution of the spectrometer and rotational peak profiles, absolute electron binding energies can be determined with an accuracy of better than 5 meV.
A rotatable half-wave plate positioned outside the buildup cavity varies the polarization of the photodetachment radiation in order to control the angle θ between the electric field vector of the laser beam and the photoelectron collection axis. The photoelectron angular distribution is described by the following equation:
where σ 0 is the total photodetachment cross section, β is the anisotropy parameter, and P 2 (cos θ ) is the second Legendre polynomial. We measure the anisotropy parameter explicitly by recording the photoelectron signal at the kinetic energy of one suitable intense peak in the photoelectron spectrum as a function of θ (between θ = 0 • and 360
• in steps of 10 • ). The photoelectron angular distribution is fit with Eq. (1), and full spectra collected at θ = 0
• and 90
• are scaled to match β at the energy at which it was measured. Separately, we collect a photoelectron spectrum at θ = 54.7
• (the so-called magic angle), where the photoelectron intensity is independent of β and directly reflects the relative photodetachment cross section.
III. THEORETICAL METHODS
All electronic structure calculations were performed using the GAUSSIAN 03 program package. 45 Optimized geometries, harmonic vibrational frequencies, and normal mode coordinates were calculated at the B3LYP/6-311++G(d,p) level of theory/basis 46 for theX 1 A state of both the α-and β-furanide anions, as well as for theX 2 A andÃ 2 A states of the neutral α-and β-furanyl radicals. All molecules were constrained to C s symmetry.
We use a Franck-Condon analysis of the vibrational structure in the furanide photoelectron spectrum to identify the active vibrational modes of the furanyl radical and the geometry change upon photodetachment. The FranckCondon profiles of the photoelectron spectra are simulated using the PESCAL program, 43 using as a point of departure the calculated geometries, normal mode vectors, and vibrational frequencies of the anion and neutral states. The normal modes and the Duschinsky J matrix and K displacements are calculated. The Franck-Condon factors are computed in the harmonic oscillator approximation including Duschinsky rotation using the Sharp-Rosenstock-Chen method. 47 The individual vibronic peak contours are simulated by a Gaussian function with a FWHM of 11 meV, consistent with instrumental resolution. Comparison of the simulations to the experimental spectra enables the determination of experimental frequencies.
IV. RESULTS

A. Photoelectron spectra of the furanide anion
Chemical intuition suggests that the rigid five-membered ring structure constrains furanide to a relatively small geometry change upon photodetachment. Thus, we expect substantial Franck-Condon overlap near the bottom of theX 2 A potential well, making the determination of the origin-and hence the EA-straightforward. We also expect the most significant changes in the geometry of α-furanide upon photodetachment to be localized near the site from which the electron is removed; therefore, we anticipate the active vibrational modes in the photoelectron spectrum to be limited to only a few normal modes involving changes in the bond lengths and angles surrounding the deprotonated C α .
This simple picture is supported by the well-resolved nature of the photoelectron spectrum we observe. The 364-nm, magic angle, cold (about 150 K) photoelectron spectrum of C 4 H 3 O − is presented in Fig. 1(a) . We assign the intense, sharp peak at the lowest eBE to the transition from the ground vibrational state of α-furanide to the ground vibrational state ofX 2 A α-furanyl radical. The eBE of this origin peak, 1.853(4) eV, directly corresponds to the EA of furanyl radical (Table I ). The photoelectron spectrum is dominated by only a few active vibrational modes. From the spectrum we can directly extract three vibrational frequencies of the furanyl radical: 855(25), 1064 (25) , and 1307(40) cm −1 . These frequencies are typical of in-plane ring-distortion and ringbreathing modes.
The photoelectron spectra of C 4 H 3 O − collected at 300 K with the laser polarization set at 90
• and 0 • relative to the direction of photoelectron collection are displayed in Fig. 1(c) . In these spectra, a hot band resulting from photodetachment of vibrationally excited anions is visible at lower binding energy than the origin peak. Comparison of the θ = 0
• and θ = 90
• spectra reveals two distinct spectral regions with different anisotropies. Specifically, the anisotropy parameter, plotted in Fig. 1(b) , changes near eBE = 2.5 eV from positive values at lower binding energies to negative values at higher binding energies. In the simplest view, the anisotropy parameter depends on the electronic orbital from which photodetachment occurred. Therefore, a significant variation in β for different features in a photoelectron spectrum is often a signature of different neutral electronic states. Evidently, two different electronic states of neutral C 4 H 3 O are observed in the photoelectron spectra: the ground state at lower binding energy, and an excited state that appears at higher binding energy and is suppressed at θ = 0
• . The electronic orbitals and valence electrons of α-furanide anion are presented in Fig. 2 . Intuitively, we expect the ground state of the α-furanyl radical to result from the removal of an electron from the in-plane σ orbital of the deprotonated C α , corresponding to a 2 A σ -radical. Higher in energy lies the 2 A π -radical resulting from the removal of an electron from the out-of-plane π orbital of a symmetry [see Fig. S1 (Ref. 48) for an illustration of the π molecular orbitals]. Between 0 and 3 eV of kinetic energy, "s-like" electrons give rise to β > 0 and "p-like" electrons yield β < 0. These labels reflect the character of the parent orbital: s-like electrons originate from orbitals with greater symmetry or fewer nodes than those that generate p-like electrons. 49 In other words, electrons removed from in-plane σ orbitals tend to have the greatest photodetachment cross sections parallel (θ = 0
• ) to the laser polarization, whereas electrons in out-of-plane π orbitals have a maximum photodetachment cross section at θ = 90
• . As a result, positive β values are often associated with photoelectrons detached from in-plane orbitals of aromatic systems, [49] [50] [51] and negative β values are often found for photoelectrons detached from π orbitals of aromatic systems. 49, 50, 52, 53 Thus, the positive β values observed at lower eBE in our spectra confirm that the lower energy vibrational progression corresponds to the 2 A σ -radical ground state of the furanyl radical, i.e., the removal of an electron from the in-plane σ orbital of furanide. In contrast, β < 0 for the higher lying features because in this case the electron is detached from an out-of-plane π orbital. Furthermore, using the same simple picture, we can rule out the possibility that the two progressions represent the ground states of α-and β-furanyl radicals. Regardless of the deprotonation site, the ground-state furanyl radical is generated when an electron is removed from an in-plane σ orbital; thus, we expect β > 0 for the ground states of both α-and β-furanyl radicals.
The 2 A σ -radical ground state of the α-furanyl radical
Calculations and simulations of the photoelectron signal (plotted in Fig. 3 ) confirm our spectral assignments and enable a quantitative determination of several spectroscopic parameters. Table I lists the calculated and measured relative energies of the α-and β-furanyl species. The measured EA is in accord with the calculated origin of the α-furanyl radical. Figure 3(b) shows the Franck-Condon simulation of α-furanide photodetachment. The simulatedX 2 A ←X 1 A photoelectron spectrum, bracketed with a purple bar, reproduces the lower binding energy portion of the magic angle spectrum shown in Fig. 3(a) . The agreement between the simulated and observed spectra further substantiates our assign- (Table I ) and the three experimental frequencies of the neutral (ν 6 , ν 9 , and ν 13 ) listed in Table III , determined from the comparison of the ab initio simulation to the experimental spectrum; we use calculated values for the remaining harmonic frequencies and all K displacements (Table III) . (c) The simulated photoelectron spectrum of β-furanide anion. The simulation uses ab initio EA, T e , harmonic vibrational frequencies, and K displacements, listed in Table I and Table S2 . (b and c) The photoelectron signal due to the ground-state furanyl radical is marked with a purple bar, and the excited-state features are designated with a blue bar. ment of the lower binding energy progression to theX 2 A state of α-furanyl radical.
The relatively modest geometry change upon photodetachment implied by the well-resolved nature of the spectrum is supported by DFT calculations. Table II shows that detachment of an in-plane σ electron to generate theX 2 A σ -radical distorts the ring to increase the O-•C-C angle about the radical center (•C) and shortens several bonds, especially the •C-C bond. Because the largest geometry change is the increase in the O-•C-C angle, the modes calculated to be most active in the Franck-Condon simulation are ν 13 (a ring deformation mode dominated by the O-•C-C bend), ν 12 (ring deformation that involves the C-C-C bend), and ν 9 (a ring breathing mode), illustrated in Fig. S2 . 48 Franck-Condon ,p) ). The ν 6 , ν 9 , and ν 13 neutral frequencies and the ν 13 anion frequency were determined from the Franck-Condon simulation of the C 4 H 3 O − photoelectron spectrum; these frequencies are listed in italics directly below the calculated value. The most active modes, based on the calculated geometry change and experimental peak intensities, are boldfaced. activity of the various vibrational modes is indicated by their calculated K displacements, which are vectors describing the difference in the nuclear equilibrium positions between the anion and the neutral radical. A large K value indicates a vibrational normal mode vector that plays a large part in the net geometry change between the anion and the neutral. The calculated K displacements are listed in Table III ; as we intuitively expect, the largest K displacements are for the ν 9 , ν 12 , and ν 13 ring breathing and ring deformation modes. The excellent agreement between the α-furanideX 2 A ←X 1 A Franck-Condon simulation and the lower energy vibrational progression allows for partial characterization of theX 2 A state. Despite most peaks in the spectrum arising from multiple congested vibronic transitions [gray sticks in Fig. 3(b) ], comparison of the ab initio simulation to the experimental spectrum enables us to assign features and measure vibrational frequencies based on photoelectron peaks dominated by a single vibronic transition. In this way, we extract three experimental vibrational frequencies of the groundstate radical (ν 6 , ν 9 , ν 13 ) and one experimental vibrational frequency of the anion (ν 13 ), which are listed along with the unscaled calculated frequencies in Table III . Though ν 6 is not one of the most active vibrational modes mentioned above, its fundamental transition is sufficiently well-resolved in the photoelectron spectrum to allow a confident determination of its frequency. The calculated and measured frequencies give rise to a simulated spectrum with peak positions that agree reasonably well with the observed vibrational structure. This is especially true at lower binding energy, which corresponds to the portion of theX 2 A potential energy surface where anharmonic effects are not significant. This suggests that the calculated harmonic vibrational frequencies accurately represent the vibrational frequencies of theX 2 A state of α-furanyl radical. In addition, the extent of the vibrational progression in the simulation, governed by the computed K displacements (Table III) , matches the observed spectral envelope. This agreement indicates that the calculated geometry change upon photodetachment is also consistent with the experimental spectrum.
The 2 A π-radical excited state of the α-furanyl radical
We assign the higher energy vibrational progression to theÃ 2 A π -radical excited state of α-furanyl, in which an electron has been removed from the out-of-plane π molecular orbital of a symmetry [ Fig. 2, Fig. S1 (Ref. 48) ]. The FranckCondon simulation of the excited state is bracketed in blue in Fig. 3(b) . The origin transition of theÃ 2 A state of α-furanyl radical is predicted to be an intense peak at eBE = 2.5031 eV. The onset of the first intense feature for which β < 0, appearing at eBE = 2.53(7) eV, is assigned to the origin of theÃ 2 A state. Accordingly, its term energy is 0.68(7) eV, also in good agreement with the calculated T e value. The ground-state α-furanyl radical lends some intensity to the photoelectron spectrum above 2.5 eV as well; there is an underlying unresolved continuum resulting from transitions to high vibrational levels of theX 2 A σ -radical. This continuum can be seen in the θ = 0
• spectrum [ Fig. 1(c) ], which minimizes contribution from the π -radical, and it is reproduced in the ground state Franck-Condon simulation. TheÃ 2 A features predicted by the Franck-Condon simulation appear in the experimental spectra, but are much broader than expected. Broad, diffuse spectral bands, such as those observed in the higher binding energy portion of the C 4 H 3 O − spectrum, are often characteristic of nonadiabatic effects. 54 Vibronic coupling between theX 2 A andÃ 2 A states of α-furanyl radical via their A vibrational modes can result in a large number of vibronic levels into which intensity can be distributed. The generally forbidden A modes of α-furanyl radical have frequencies between ∼500 and 900 cm −1 ; activity of these modes would fill in the excited state spectrum and broaden the resolved peaks predicted in the simulation by ∼50 meV, which is consistent with the width of the peaks in theÃ 2 A progression. Such broadening of excited state features has also been observed in the photoelectron spectra of pyrrole (C 4 H 5 N) and thiophene (C 4 H 4 S), [55] [56] [57] [58] as well as N-methyl-5-pyrazolide. 51 In all three cases, the width of the structure that could not be accounted for using Franck-Condon analysis 59, 60 was attributed to vibronic coupling. 51, 61 We thus conclude that the higher binding energy vibrational progression in the C 4 H 3 O − magic angle spectrum is due to theÃ 2 A π -radical state of α-furanyl radical. The experimental T e agrees well with calculations, and the discrepancy between the simulation and the observed spectrum is attributed to nonadiabatic effects.
Contribution from the β-furanyl radical
Calculations and Franck-Condon simulations of β-furanide photodetachment are shown in Fig. 3(c) . Calculated equilibrium structures of the β-furanyl anion and radical states are given in Table S1 ; vibrational frequencies and K displacements used in the simulation are listed in Table  S2 . 48 The simulation predicts a significantly more structured β-furanide photoelectron spectrum than the one observed experimentally, as well as a higher excited-state term energy, T e (Ã 2 A ) = 1.07 eV. Even more importantly, the calculated EA of β-furanyl radical is 182 meV below that of the α-furanyl radical (Table I) . We expect the calculated EA of β-furanyl radical to be reasonably reliable, as analogous calculations for the α-furanide species predict the EA to within 35 meV of the actual value. Likewise, the success of the Franck-Condon simulation of the α-furanide photoelectron spectrum lends credibility to the simulation of β-furanide. Thus, the discrepancies between the experimental C 4 H 3 O − spectrum and the calculated energy and vibrational structure of the β-furanide spectrum indicate that we do not observe significant signal from the β-furanyl radical under our experimental conditions. Furthermore, we observe no change in the relative intensity of features in the C 4 H 3 O − spectrum when experimental conditions are varied, which one might expect if signal from two different species were present in the photoelectron spectrum. Finally, as noted earlier, the negative β values above 2.5 eV binding energy rule out the possibility that the higher energy progression is due to the ground state of β-furanyl radical. 
B. C-H α Bond dissociation energy of furan
One of the most significant results of this study is a direct measurement of the C-H α BDE in order to evaluate the plausibility of various decomposition pathways of furan. The C-H α BDE of furan, or DH 298 (C 4 H 3 O-H α ), can be determined through the following thermochemical cycle: (4) eV] enables the first experimental determination of the C-H α BDE of furan: 119.8(2) kcal mol −1 . In the currently accepted model of the unimolecular decomposition of furan, there are two fragmentation pathways that lead to the experimentally observed products, both of which involve H-rearrangement to a carbene intermediate as the initial step (Fig. 4) . 1, 29 In one pathway, an H α migrates to the β-position of furan to form the α-carbene, which directly separates into HC≡CH + CH 2 =C=O. Alternatively, an H β can move to the α-position to form the β-carbene; further isomerization and decomposition of the β-carbene yields CO + CH 3 C≡CH. The CH 2 =C=CH-CHO intermediate could also lead to the formation of propargyl radical, CH 2 =C=CH. 29 Our result for the C-H α BDE substantiates the calculated value [1] [2] [3] and validates the accepted decomposition model of furan, in which C-H α bond scission is prohibitively high in energy to be a viable route to furan decomposition. This unusually high C-H α BDE is more than 7 kcal mol −1 greater than the C-H BDE of the prototypical aromatic molecule benzene. 32 However, it is in accordance with other five-member heterocycles, which, like furan, have been shown to have very high C-H BDEs. For example, the C-H α BDE of pyrrole (C 4 H 5 N) is 118(1) kcal mol −1 . 62 The C-H α BDEs of the C 3 H 4 N 2 isomers imidazole 52 and pyrazole 50 are 119(4) and 121(4) kcal mol −1 , respectively. As in the case of the azoles, we attribute the high C-H α BDE of furan to thermodynamic instability of the resulting radical. A computational study by Barckholtz et al. examined the effects of geometry and spin density on C-H BDEs of aromatic heterocycles 63 and concluded that the primary cause of the instability of the furanyl radical involves the localization of the unpaired electron. As a general rule, a radical is stabilized, thereby decreasing the C-H BDE, when its unpaired electron is delocalized over multiple atoms. In the case of furan, the unpaired electron of the α-furanyl radical is calculated to be almost completely localized on the •C α . In fact, the excess spin density at the •C α radical center of furanyl radical is calculated to be slightly higher than the excess spin density at the radical center of phenyl radical, indicating that the extent of localization of the unpaired electron of the furanyl radical is slightly greater than that of the phenyl radical. 63 This effectively destabilizes the furanyl radical, leading to the high C-H α BDE of furan.
V. CONCLUSION
We report the 364-nm photoelectron spectrum of the α-furanide anion. Two electronic states of the α-furanyl radical are observed. At lower binding energy, we find a well-resolved vibrational progression due to α-furanidẽ X 2 A ←X 1 A photodetachment. The adiabatic EA of the α-furanyl radical is determined to be 1.853(4) eV. Agreement between theX 2 A ←X 1 A Franck-Condon simulation and the observed spectrum enables identification of several vibrational frequencies of theX 2 A σ -radical ground state, given in Table III. At higher binding energy, the photoelectron spectrum is dominated by photodetachment to theÃ 2 A π -radical excited state of α-furanyl radical. TheÃ 2 A state lies 0.68(7) eV higher in energy than theX 2 A state of the α-furanyl radical. The excited state signal is suppressed when the laser is polarized parallel to the direction of photoelectron collection (θ = 0
• ). We see no evidence of C-H β deprotonation, as Franck-Condon simulations for H β removal have a significantly different structure and energy from the observed photoelectron spectrum.
Using the EA of α-furanyl radical measured in this work, together with the measured gas-phase acidity of furan 35 and the well-known ionization energy of H, 33 we determine the C-H α BDE of furan to be 119.8(2) kcal mol −1 through a thermochemical cycle. 32 This experimental value is consistent with high-level calculations [1] [2] [3] that predict an exceptionally high C-H α bond dissociation energy. The high C-H α bond dissociation energy-7 kcal mol −1 greater than that of benzene 32 -can be attributed to thermodynamic instability of the resulting radical upon H α loss.
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